IEA/SHC T49 Activities on Process Heat Collectors: Available Technologies, Technical-Economic Comparison Tools, Operation and Standardization Recommendations  by Horta, Pedro et al.
1876-6102 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review by the scientific conference committee of SHC 2015 under responsibility of PSE AG
doi: 10.1016/j.egypro.2016.06.217 
 Energy Procedia  91 ( 2016 )  630 – 637 
ScienceDirect
SHC 2015, International Conference on Solar Heating and Cooling for Buildings and Industry 
IEA/SHC T49 activities on process heat collectors: available 
technologies, technical-economic comparison tools, operation and 
standardization recommendations 
Pedro Hortaa*, Christoph Brunnerb, Korbinian Kramera, Elimar Frankc 
aFraunhofer Institut für Solare Energiesysteme ISE, Heidenhofstrasse 2, 79110 Freiburg, Germany 
bAEE-INTEC, Feldgasse 19, 8200 Gleisdorf, Austria 
c Institut für Solartechnik SPF, Hochschule für Technik HSR, Oberseestrasse 10, CH-8640 Rapperswil-Jona, Switzerland 
Abstract 
Process temperatures found in industrial processes are manifold, ranging from low (T<100ºC), medium (100ºC < T < 250ºC) to 
high (T > 250ºC) operating temperatures. Whereas low temperature applications are already suited by well-established stationary 
collector technologies, the approach to medium temperature applications rely on a growing range of stationary and tracking 
collector technologies, all of them presenting products already in pre-commercial or commercial stage (TRLs 8 and 9). 
Considering the technical and economic challenges raised by a growing range of technologies suiting process heat application 
requirements, IEA/SHC Task 49 “Solar Heat Integration in Industrial Process” activities on Sub Task A “Process Heat 
Collectors” aim at further development, improvement and testing of collectors, collector components and collector loop 
components by: providing a comprehensive overview of available solar collector technologies and collector enhancement 
strategies; providing a basis for the technical-economic comparison of collectors and giving comprehensive recommendations for 
standardized testing procedures fitting the whole range of collector technologies suitable to Process Heat applications. 
The present article presents an overview of the activities developed in this scope and provides an insight into the most relevant 
results on available solar collector technologies for process heat applications, technical-economic comparison tools, operation 
and standardization recommendations. 
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1. Introduction 
Process temperatures found in industrial processes are manifold, ranging from low (T<100ºC), medium (100ºC < 
T < 250ºC) to high (T > 250ºC) operating temperatures: low and medium temperature processes presenting a high 
share of heat demands on the mining, food & beverage, tobacco, pulp & paper, machinery and transport equipment 
manufacturing sectors; high temperatures presenting a high share of heat demand on the chemical, non-metallic 
minerals and basic metals production sectors [1]. 
This wide range of temperatures is addressed by a growing number of solar collector technologies, whose 
development, assessment and comparison raises challenges at both technical and economic levels. In the framework 
of IEA/SHC Task 49 “Solar Heat Integration in Industrial Process” [2], activities on Sub Task A “Process Heat 
Collectors” aim at further development, improvement and testing of these technologies. 
Considering the range of topics addressed, Subtask A is divided in three different actions: 
• A1: Improvement of solar process heat collectors and collector loop component – action aiming the support 
to the development and improvement of cost effective, well-performing and reliable process heat collectors, 
including the identification of the most relevant requirements and parameters to be considered regarding the 
reliability of the systems with a special focus on overheating/stagnation prevention strategies; 
• A2: Comparison of collectors with respect to technical and economic conditions – considering the 
specificity of each of the different solar collector technologies suitable for process heat applications and the 
importance of comparison terms enabling a due technology selection, this action aims at identifying simplified 
calculation and assessment methodologies and key figures enabling a technology independent comparison of 
technical and economic performance results in the framework of a preliminary collector selection, prior to detailed 
system design; 
• A3: Comprehensive recommendations for standardized testing procedures: considering the appearance of 
different technological concepts, namely those resulting from the adoption of solar concentrating systems in the 
development of medium/high temperature collectors, adaptation of the current solar collector testing standards is 
required, complying e.g. with the specificities of line-focus technologies from the optical, thermal, HTF or module 
dimension points of view. 
Sub-Task A received contributions from more than 30 institutions (Universities, R&D institutes, Collector 
manufacturers, Engineering or Consulting companies) from Europe, Asia, Africa and America. 
2. Sub Task A actions: collector development, comparison and testing 
Considering the potential use of higher operation temperatures, tracking collectors and high temperature and 
pressure conditions in process heat applications, Sub task A actions focused on three different aspects: collector 
technology developments, collector comparison methodologies and collector testing procedures. 
A1: Improvement of solar process heat collectors and collector loop components 
Aiming the support to the development of cost-effective and reliable process heat collectors, A1 activities 
included the exchange of information on new collector and component developments as well as solar field 
measurements and monitoring data, aiming at the analysis of collector performance, overheating and stagnation or 
dusting effects. 
As there is no clear distinction between a “conventional” solar thermal collector and a process heat collector as 
the heat delivered by any solar thermal collector may be used for industrial heat applications, a definition of Process 
Heat Collector was based around the definition of operating temperature ranges (related to process temperatures 
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found in Industry) and a suitable threshold of efficiency (relating to both the economic performance and to the solar 
field area requirements). 
Three different temperature ranges for collector operation or industrial process were defined: 
x low temperature: below 100°C; 
x mid temperature: 100°C to 250°C; 
x high temperature: above 250°C. 
Collector cost effectiveness is related to a “reasonable” collector output. Taking as reference operating conditions 
a 1000 W/m² hemispherical irradiance, 15 % diffuse fraction and 20 °C ambient temperature, a collector output 
threshold of 300 W/m2 set the lower boundary of “reasonable efficiency” for “mid” and “high” temperature Process 
Heat Collectors [3]. 
Throughout A1 activities, several collector and component developments were presented, leading to an important 
exchange of information on ongoing research and development of new concepts or products. Regarding new 
collector developments, a wide range of technologies and approaches was presented, as illustrated in Table 1. 
     Table 1. Overview of new collector development presented in Sub task A. 
Collector type Feature 
Line-focus Fixed Mirror Moving Receiver concept 
Evacuated tube Air collector 
Flat-plate 
Evacuated tube 
Line-focus 
Line-focus 
Flat-plateL 
Line-focus 
Line-focus 
Flat-plate 
Flat-plate 
External stationary concentrator 
New coating materials 
Quasi-stationary CPC concept 
large aperture PTC with cold bended mirrors 
Internal honeycomb structure and anti-stagnation system 
Low profile Linear Fresnel concept 
Stationary CPC concept 
Glazed air collector concept 
Double glazed flat-plate concept 
Regarding components development the focus was on absorbers, with information on absorber tube 
characterization parameters, overview of available evacuated tubular receivers and on the cost optimization of heat 
transfer and thermal performance of evacuated tubes. 
Experimental results at both collector and solar field levels were also presented along A1 activities. The results 
aimed the analysis of collector performance, overheating / stagnation or dusting effects, as summarized in Table 2. 
     Table 2. Overview of experimental results at collector or solar field level presented in Sub task A. 
Focus Measurement 
Dusting Evacuated flat-plate solar field in desert environment 
Collector Performance of Parabolic Trough Collector 
Collector 
Solar field 
Solar field 
Stagnation 
Collector 
Solar field 
Solar field 
Dusting 
Performance of different mid temperature collectors 
Performance of Evacuated tube solar fields in different locations 
Performance of parabolic Trough solar field at Dairy industry 
Durability and stagnation tests on CPC collector 
IAM and efficiency measurements on two different PTC collectors 
Solar field performance in different Dairy industries 
Comparison of collector and solar field efficiency curves 
Influence of dusting in flat-plate collector efficiency 
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A2: Comparison of collectors with respect to technical and economic conditions 
Considering the importance of the collector technology selection process at a system pre-feasibility stage, this 
action aimed at identifying simplified calculation and assessment methodologies and key figures enabling a 
technology independent comparison of technical and economic collector performance aspects. 
Besides discussions around the availability and use of standardized climate data or the identification of the most 
suitable collector selection criteria and key figures, A2 activities included the presentation and analysis of different 
simplified collector yield calculation tools and approaches, including: 
x condensed mapping of collector yield results in the form of nomograms depending on geographical and 
meteorological parameters; 
x reference day based simplified collector yield calculation tools; 
x yearly based simplified collector yield calculation tools. 
The later included a thorough analysis of  ScenoCalc, currently used as the basis for the Solar Keymark 
certification of solar collectors [4], aiming the identification of its limitations towards its use in the framework of 
process heat applications: tracking collectors, maximum operating temperatures, HTF phase change. This analysis 
resulted on a set of recommendations aiming a revision of the tool. 
A3: Comprehensive recommendations for standardized testing procedures  
Originally developed around a flat-plate collector model, standardized collector testing procedures have evolved 
throughout the time towards a general applicability to different technologies, including bi-axial effects, radiation 
component decoupling or dynamic response effects. The last revision of the ISO9806 standard [5] included already 
a specific mention to the test of solar concentrators. Yet, as experience on the development and testing of solar 
concentrator technologies, new questions on the applicability of the standards to these collectors arise, namely those 
regarding their optical specificities, the applicability of the procedures to large size collectors assembled in-situ, the 
use of alternative HTFs or the occurrence of very high stagnation temperatures. 
Including a survey of the existing standardized collector testing procedures [6], A3 activities aimed at the 
identification of the obstacles to a general application of the current standards to the range of suitable collector 
technologies for process heat applications in all temperature ranges, preparing a set of recommendations to their 
future revision. The activities were organized around three main topics: self-protection, IAM and In Situ procedures. 
Activities on collector self-protection included a discussion around the testing of self-protection mechanisms 
(overheating, snow and wind loads, hail sensors) and the categorization of collectors regarding their self-protection 
mechanisms. 
Activities on IAM measurement procedures included a revision of the current procedures and identification the 
obstacles of their general applicability, namely regarding line-focus concentrators with variable effective aperture 
(e.g. Linear Fresnel collectors) and normal incidence requirements. The possibility of using simulated optical 
assessment results for the determination of IAM results had a particular focus on these activities and included a first 
approach to the classification of Ray-Trace tools [7] and a Round-Robin test of different tools based on the 
definition of reference optical simulation cases [8]. 
The focus of the activities on In Situ procedures aimed at the discussion of how to generally test collectors 
designed for large size arrays (not suitable to be installed on testing labs) and how can such procedures affect 
collector certification aspects. Besides identifying the justification for the need of such procedures (the need to 
properly account for end-losses in large length line-focus collector arrays, the high DNI requirements for solar 
concentrator operation, the use of alternative HTFs), these activities included discussion of measurement procedures 
and equipment requirements, collector evaluation and parameter identification and solar field tests. 
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3. Deliverables  
The activities developed in Sub task resulted on the publication of three publicly available deliverables [9], as 
well as on the publication of related articles by different participating partners and collaboration with ongoing 
projects developing activities on Process Heat collector development topics. 
Deliverable A1: Overheating prevention and stagnation handling in solar process heat applications 
Solar process heat plants have to operate totally reliable in all the operation modes that may occur. Other than for 
conventional closed hot water or steam supply systems solar thermal applications in general require specific 
technical solutions to cope with the phenomenon of stagnation. If this was already a relevant reliability issue in low 
temperature applications, the use of solar thermal energy in medium temperature applications, namely accounting 
for the use of solar concentrating systems, further raises the importance of overheating/stagnation prevention 
strategies concurring to the reliability of the systems. 
A specific deliverable on this topic [10] is one of the results of Sub Task A activities. The report provides an 
overview about topics related to stagnation and overheating in general and specifically with regard to solar assisted 
process heat applications, at both collector and system levels. The report focusses on the following main topics: 
x Overheating prevention and control measures for solar process heat applications; 
x Measures for solar process heat applications with non-concentrating collectors; 
x Special challenges for concentrating and tracked collectors; 
x Good-practice examples of implemented measures. 
Some of the results included are illustrated in figures 1 and 2. 
 
 
Fig. 1. Summary of Stagnation handling and Overheating prevention passive and active strategies 
Deliverable A2: overview of collector output and key figures for defined conditions 
Considering the importance of the pre-design stage in the investment decision process, simplified calculation 
methods enabling an efficient and effortless approach to the technical-economic feasibility of Solar Process Heat 
investments while holding the ability to generate reliable and inter-comparable results enabling the establishment of 
the technological and economic investment boundary conditions are required. A specific technical report [11] on 
these topics results also from Sub Task A activities. Considering the inter-relation of technological, methodological 
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and economic aspects involved in the preliminary technical-economic analysis stage, the report provides an 
overview of the most relevant topics therein included: 
x Solar collector technologies, providing an insight to the different available technologies, operating 
temperature range and operation requirements; 
x Solar yield calculation methods and tools, providing simplified yield estimate approaches and the production 
of key figures enabling a due technical assessment; 
x Economic analysis, highlighting the most relevant aspects to be considered in the investment analysis and 
providing methodologies enabling the production of key figures for  a due economic assessment; 
x Decision factors, gathering technical and economic assessment results into the establishment of the boundary 
conditions for investment viability. 
 
 
Fig. 2. Impact of adoption of anti-stagnation strategy embedded in Flat-plate collector on collector efficiency curve 
Deliverable A3: Guideline on testing procedures for collectors used in solar process heat 
Existing test standards provide, to most of the solar collector technologies, a clear framework of product testing 
and certification, reliable figures to succeed in tenders, methods and parameters enabling the calculation of energy 
yields with sufficient accuracy and proof of liability in operation. First and foremost the ISO 9806:2013 [5], which 
origins in the field of low temperature (stationary) collectors, has a wide scope and already accounts for 
concentrating collectors. But as the range of solar thermal technologies widens and non-concentrating low 
temperature and concentrating high temperature applications meet and merge in the middle, many questions arise, as 
to how all of these can be tested and compared fairly. 
A report on standardization recommendations [12] provides an outline of the existing regulations and guidelines 
to their interpretation and comparison, highlighting shortcomings in the directives that may be obstructive to fair 
competition, hinting towards possible solutions and further work to be done in this scope. 
The report contents include: 
x CE marking aspects (directives and regulations applying to process heat installations); 
x Functional testing and self-protection (pressure, high temperature and stagnation, thermal shock, 
exposure, rain penetration, mechanical resistance and impact resistance tests); 
x Component testing (receiver, reflectors, tracking); 
x Collector testing (overview of testing standards, reference irradiation conditions, testing methodologies, 
IAM measurements, output calculation); 
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x In Situ measurement (measurement equipment requirements, system operation, parameter 
identification, field tests). 
Some of the results included are illustrated in figures 3 and 4. 
Publication of Sub Task A related articles and participation in related ongoing projects 
Along Sub task A activities, more than 20 articles on related activities where published by the participating 
partners, addressing e.g. particular solar collector developments, component testing, use of steam as HTF, 
experimental testing procedures, optical simulation models or comparison of technologies. A full list of articles is 
available in Task 49 website [9]. 
Moreover, several participating partners had cross participation on different process heat related projects. The 
particular case of collaboration with the FP7 project STAGE-STE [13] must be highlighted, as it relates directly 
with Sub task A activities. In the framework of that project, a database of Solar thermal collectors for medium 
temperature applications was developed, with the active participation of Sub Task A participating partners, bringing 
the discussion on the definition of contents and on the implementation of the database into Sub task A activities. 
Information on the database might be found on STAGE-STE project website. 
 
 
 
 
 
Fig. 3. Summary of published testing and evaluation procedures with 
focus on concentrating solar collectors (in [6]) 
Fig. 4. Composed IAM for a 12 m, 60 m and 120 m long LFC (in [7]) 
4. Conclusion  
Considering the technical and economic challenges raised by a growing range of technologies suiting process 
heat application requirements, IEA/SHC Task 49 “Solar Heat Integration in Industrial Process” activities on Sub 
Task A “Process Heat Collectors” aim at further development, improvement and testing of collectors, collector 
components and collector loop components by: providing a comprehensive overview of available solar collector 
technologies and collector enhancement strategies; providing a basis for the technical-economic comparison of 
collectors and giving comprehensive recommendations for standardized testing procedures fitting the whole range of 
collector technologies suitable to Process Heat applications. 
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Sub-Task A received contributions from more than 30 institutions (Universities, R&D institutes, Collector 
manufacturers, Engineering or Consulting companies) from Europe, Asia, Africa and America, organized in three 
different activities focused on collector technology developments, collector comparison methodologies and collector 
testing procedures. 
Besides the publication of more than 20 articles on related activities by participating partners, addressing e.g. 
particular solar collector developments, component testing, use of steam as HTF, experimental testing procedures, 
optical simulation models or comparison of technologies, the activities developed in Sub task resulted on the 
publication of three publicly available deliverables, focused on the major challenges to the development, test and 
assessment of process heat collectors: self-protection, technical-economic comparison and experimental testing, 
enabling: 
x an overview of particular requirements and definitions of process heat collectors; 
x the establishment of recommendations on stagnation handling and overheating prevention, especially 
relevant in the framework of process heat applications in the mid and high temperature ranges; 
x the establishment of collector comparison methodologies and recommendations on collector selection 
criteria relevant at a pre-feasibility stage; 
x an overview of standardized testing procedures and identification of obstacles to their general 
application to process heat collectors, including e.g. the specificities of optical characterization of line-
focusing optics and the establishment of In Situ measurement procedures, enabling the establishment of 
recommendations for a future collector standards revision. 
The wide range of participants, exchange of information, presentation of new collector developments and 
extensive collaboration around cross-cutting issues such as component testing, collector testing and reliability 
contributed to the achievement of an updated vision of the present framework of Solar collector technologies suiting 
the requirements of process heat applications. Moreover, Sub Task A activities enable the identification of the most 
important R&D and technical topics to be followed aiming the support to the development, enhancement and 
reliability of process heat collector technologies. 
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